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(54) Packaging micromechanical devices 

(57) The specification describes packaging assem- 
blies for micro-electronic machined mechanical sys- 
tems (MEMS). The MEMS devices in these package as- 
semblies are based on silicon MEMS devices on a sili- 
con support and the MEMS devices and the silicon sup- 
port are mechanically isolated from foreign materials. 
Foreign materials pose the potential for differential ther- 
mal expansion that deteteriously affects optical align- 



ment in the MEMS devices. In a preferred embodiment 
the MEMS devices are enclosed in an ail-silicon cham- 
ber. Mechanical isolation is also aided by using a pin 
contact array for interconnecting the silicon support sub- 
strate for the MEMS devices to the next interconnect lev- 
el. The use of the pin contact array also allows the 
MEMS devices to be easily demountable for replace- 
ment or repair. 
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Description 

Field of the invention 

[0001] This invention relates to electronic assembly 
technology and more specifically to packaging micro- 
electronic machined mechanical systems (MEMS). 

Background of the Invention 

[0002] New photonic devices are in development that 
use micromechanical elements. In principal, microme- 
chanical elements can be built on a variety of platforms. 
However, the substrate of choice is typically a semicon- 
ductor wafer, e.g. silicon. Highly and often elegantly en- 
gineered silicon processing can be used to make new 
device structures that combine the mechanical and op- 
tical properties of silicon. An advanced technology, sili- 
con optical bench technology, has been developed to 
implement this approach. Typically the micromechani- 
cal devices or subassemblies are formed in large inte- 
grated arrays, referred to here as MEMS, to perform a 
common function in a parallel mode. The substrate for 
the arrays is usually a silicon wafer or a large silicon 
chip. In most instances the MEMS device arrays com- 
prise photonic devices, and are accessed with optical I/ 
O signals. 

[0003] Among the most promising of the photonic 
MEMS devices are optical cross connect devices. 
These may be used in optical networking for routing op- 
tical signals from one array of optical channels to anoth- 
er. Optical cross connects are typically made in the form 
of compact arrays of micromechanical mirrors. An input 
array, usually a linear array, of optical waveguides are 
arranged to address the mirror array, which steers opti- 
cal beams from the input array to a corresponding output 
array of optical waveguides. The input and 
output optical channels may be optical waveguides in 
an optical integrated circuit, or may be arrays of optical 
fibers. 

[0004] These optical cross connect devices can 
switch one of a large number of optical inputs between 
a selected one of a large number of optical outputs. For 
example, a 1 0 fiber input array used with a 1 0 fiber out- 
put array has the capacity to make 1 000 individual con- 
nections. Each channel typically has tens or, in future 
systems, hundreds of channels wavelength division 
multiplexed (WDM) together. The information handling 
capacity of such a switch is extremely large. 
[0005] State of the art optical networking systems re- 
quire large compact arrays of micromechanical mirrors. 
The micromechanical mirrors are electrically ad- 
dressed, and mirror tilt is controlled by selectively ap- 
plied electrostatic fields. 

In a standard optical networking system, for n Input fib- 
ers an n 2 mirror array is used. Each input fiber accesses 
an associated row of, for example, ten mirrors and each 
of the ten mirrors addresses one often output fibers. In 



a typical operating cross connect, for example, the first 
three mirrors are not activated, i.e. do not intersect the 
beam path, and the fourth is electrically tilted to Intersect 
the beam path and steer the beam to its associated fiber. 

5 In this way the first fiber can address a selected one of 
ten mirrors and thus a selected one often fibers. This n 2 
mirror array requires two tilt positions, on and off. A more 
efficient mirror arrangement uses 2n mirrors for the 
same 10x10 switch. It operates by steering the optical 

10 beam to one often positions, and has two way tilt capa- 
bility. 

[0006] Mirrors for optical cross connects in current 
state of the art devices may be formed using the silicon 
bench technology mentioned above. A silicon wafer 
*s. platform is used as the support substrate, and the mir- 
rors are fabricated on the silicon platform using known 
micromechanical device fabrication techniques. Some 
of these techniques have been developed for optical 
modulator devices such as the Mechanical Anti-Reflec- 
tion Switch (MARS) device. See e.g. U.S. Patents No. 
5,943,155 issued August 24, 1999, and U.S. Patent No. 
5,943,571, issued September 7, 1999. The fabrication 
approach used in this technology is to fabricate a lay- 
ered structure on a silicon substrate, with the top layer 
of a reflecting material, and dissolve away the interme- 
diate layer(s) leaving a suspended reflector. 
[0007] It should be evident from the foregoing descrip- 
tion that optical alignment in MEMS assemblies, i.e. 
packaged MEMS device arrays, is extremely critical. 
Alignment defects occur during manufacture and also 
arise in the use environment, i.e. after manufacture. The 
former can be dealt with by process control and thor- 
ough testing. The latter however, are more abstruse and 
unpredictable. They may occur as the result of mechan- 
ical perturbations in the assembly caused, for example, 
by handling. More typically, they result from differential 
thermal expansion due to temperature variations in the 
use environment. This produces strains which may im- 
pair the precise alignment of optical elements in the as- 
sembly. To preserve critical alignment, the MEMS de- 
vice arrays may be mounted in a robust container with 
a suitable transparent opening for accessing the array 
with light signals. It many cases it is desirable to mount 
them in hermetic packages. However these protective 
packages often exacerbate the thermo-mechanical 
problems caused by differential thermal expansion. 

Summary of the Invention 

[0008] We have developed a packaging technology 
for MEMS assemblies in which the MEMS device arrays 
are mounted on a silicon wafer platform and, in a pre- 
ferred embodiment, are encased in a silicon chamber. 
The silicon chamber may be hermetically sealed. The 
use of an all silicon package forthe MEMS device array 
substantially eliminates thermomechanical Instabilities. 
Mechanical instabilities are also reduced by using a con- 
tact pin array for interconnecting the silicon support sub- 
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strate forthe MEMS devices to the next Interconnect lev- 
el. The use of the contact pin array also allows the 
MEMS devices to be easily demountable for replace- 
ment or repair. 

Brief Description of the Drawing 
[0009] 

Fig. 1 is a schematic view of a MEMS device array, 
in this embodiment a mirror with four way tilt for an 
optical cross connect, that is presented by way of 
example of devices that may be packaged using the 
invention; 

Fig. 2 is a schematic representation of a MEMS as- 
sembly comprising a silicon wafer platform and sil- 
icon chamber for enclosing the MEMS device array 
of Fig. 1; 

Fig. 3 is a schematic representation similar to that 
of Fig. 2 showing the combination of a silicon cham- 
ber and an interconnection substrate for intercon- 
necting a MEMS assembly; 
Fig. 4 is a schematic view of a MEMS device with 
means for dynamically positioning the MEMS de- 
vice with respect to an I/O optical beam; and 
Fig. 5 is a view similar to that of Fig. 3 showing an 
alternative MEMS assembly. 

Detailed Description 

[0010] Referring to Fig. 1, a 3 x 3 micromechanical 
mirror array is shown by way of example of a MEMS 
device array that is advantageously packaged accord- 
ing to the invention. The 3x3 array of micromechanical 
devices comprises nine micromechanical mirrors, 
shown as 11a - 111, mounted on silicon substrate 12. 
The individual mirror devices in the array comprise mir- 
ror surface 14, with four way tilt capability, and drive 
electrodes 15-18, shown in phantom. Control of the tilt 
is effected electrostatically by application of voltages se- 
lectively to electrodes 1 5-1 8. This normally requires that 
each of the four electrodes be independently address- 
able. Runners 21 interconnect the four electrodes for 
each device 11 a - 11 i to bond pads 23. An array of n 
devices, requires 4n independent electrical intercon- 
nections. In principle, fewer electrical connections can 
be used but the preferred choice is that shown. This in- 
terconnection requires a total of 36 individual runners 
and bond pads for the 3 x 3 array. 
[0011] In an optical cross connect, the mirrors in the 
array communicate with optical beams in optical 
waveguides. The waveguides, and the overall system 
architecture, are not part of the invention and for sim- 
plicity in presenting the invention are not shown. How- 
ever, it is well known that optical cross connects in the 
form of mirror arrays require compact mirror arrays, i.e., 
close packing of the mirrors, for efficient design of the 
overall system. 



[0012] The size, 3 x 3, of the array is chosen here for 
convenience in illustrating the complexity and critical 
alignment needs for large micromechanical device ar- 
rays. Device arrays in current development may have 
5 hundreds or even thousands of micromechanical mir- 
rors on a single silicon platform. As the number of mi- 
cromechanical devices is multiplied, the potential for 
alignment problems and other mechanical defects rises 
dramatically. 

w [0013] The micromechanical mirror device is given by 
way of example only of a wide variety of electrically driv- 
en micromechanical elements that may be fabricated in 
large arrays on a common substrate. It is presented for 
illustration of the problems associated with integrating 

is large micromechanical device arrays requiring mechan- 
ical movement and optical access. 
[0014] Due to the obvious fragility of MEMS devices, 
they should be well protected from hostile ambients. For 
normal service environments they should be entirely en- 

20 closed and preferably hermetically sealed, while still al- 
lowing optical access. Due to the mechanical nature of 
MEMS devices, the package should provide mechanical 
integrity and dimensional stability. A package design 
providing these attributes is shown in Fig, 2. 

25 [0015] In Fig. 2, a silicon substrate 32 is shown with 
MEMS device 31 mounted on the silicon substrate. The 
silicon substrate may be single crystal, polycrystal (poly- 
silicon) or amorphous silicon. The MEMS device may 
be die bonded to substrate 32 and interconnected using 

30 wire bonds 33. The wire bonds interconnect bond pads 
(23 in Fig. 1) to substrate pads (not shown). It will be 
understood by those skilled in the art that any of a variety 
of mounting schemes may be used, with the main ob- 
jective being matching the coefficient of thermal expan- 
ds sion, t c , of the MEMS device to the substrate on which 
it rests. The electrical interconnection between MEMS 
device 31 and the substrate 32 can take many forms. 
With a silicon substrate, it is convenient to use standard 
IC interconnect technology. Typically this will comprise 

40 a grown or deposited oxide, and aluminum metallization 
interconnect patterns photolithographically formed on 
the oxide. According to one embodiment of the inven- 
tion, a silicon chamber is provided to enclose the MEMS 
device. In the arrangement shown in Fig. 2, the side- 

45 walls of the chamber are constructed with silicon wafers 
34, 35 and 36. The individual wafers are prepared with 
large openings to accommodate the MEMS device as 
shown. The openings may be formed using deep etch- 
ing techniques, such as RIE, or may be laser drilled, or 

50 produced by other suitable methods. After forming the 
openings, the wafers may be affixed together using 
standard wafer bonding methods. For example, the sur- 
faces of the wafers may be oxidized to form a very thin 
oxide, e.g. 0.1-5 microns, and the wafers bonded to- 

55 gether using thermocompression bonding. It is pre- 
ferred that no "foreign" material (other than, in the prior 
example, a very thin Si0 2 layer) be used in constructing 
the sidewalls and bottom of the silicon chamber. This 
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preserves the material homogeneity and the attendant 
uniform thermomechanical properties for the whole as- 
sembly. 

[0016] The top of the chamber 40 is capped with a 
transparent windowpane 38. The windowpane may be 5 
fused quartz of other suitable material transparent to the 
wavelength used for the optical beams being deflected 
in the MEMS device. Typically this wavelength is 1 .3 or 
1 .55 nm. In Fig. 2 the sidewall 37 of the opening in the 
top silicon wafer 36 is indented from the chamber 40 to 
provide a ledge for windowpane 38. It is preferred that 
the opening in wafer 36 be larger than the width of the 
window. This allows the window pane, which comprises 
the only material forming the chamber which is not pre- 
cisely thermomechanically matched, to "float". Thus dif- 
ferential thermal expansion between the chamber walls 
and the windowpane is accommodated by the space be- 
tween the chamber wall at the windowpane seat, and 
the windowpane itself. The windowpane can be sealed 
to the chamber using a resilient filler/adhesive, which 
can be selected from, e.g., a variety of silicone materi- 
als. 

[001 7] In Fig. 2, three silicon wafers are used in form- 
ing the sidewalls of the sealed chamber 40. The number 
of wafers needed will depend on the thickness of the 
wafers, the height of the MEMS device, and the standoff 
desired between the top of the MEMS device and the 
windowpane 38. If the substrate for the MEMS device 
is thinned by conventional thinning techniques, then a 
single standard 20-30 mil thick wafer may be sufficient 
for constructing the chamber sidewall. 
[0018] The use of silicon wafers for forming the cham- 
ber sidewall is but one example of several options that 
will occur to those skilled in the art. Alternatively, a collar 
of silicon may be attached to the silicon substrate 32. 
The collar may also be machined to provide a ledge for 
the windowpane. The windowpane may also rest on top 
of the collar, or the top wafer 36 in Fig. 2, i.e. without a 
seat, to provide a similar result. 
[0019] it should be evident to those skilled in the art 
that the size of the various elements in these figures are 
for convenience in illustrating the principles of the inven- 
tion and are not necessarily to scale. The 3x3 array 
shown is for convenience in exposition. A more typical 
array, as suggested above, is 32 x 32 micromechanical 
devices on a 3.2 cm substrate, which allows an approx- 
imate single device size of 1 mm 2 . Also, the array con- 
figuration, with x- and y- rows, is by way of example only. 
Other arrangements, e.g. with alternate rows offset and 
rows interleaved, may also be used. 
[0020] Substrate 32 will typically have an array of 
bond pads arranged for interconnection to the next in- 
terconnection level. Several options are available for in- 
terconnecting the MEMS device. Substrate 32 may 
comprise a standard single level printed circuit. Multi- 
level interconnections can also be used to allow cross- 
overs. Substrate 32 may be a silicon intermediate inter- 
connection substrate, or a translator substrate, as de- 
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scribed and claimed in US-A-6175158 and US-A- 
6160715. 

[0021] The individual elements of the MEMS device, 
i.e. the mirrors in the embodiments shown, are shown 
circular in configuration. Alternatively, they may be 
square or rectangular. 

[0022] To further enhance mechanical isolation of the 
chamber assembly of Fig. 2 from external mechanical 
stress, the interconnections to the chamber assembly 
may be made using a floating contact pin array. This em- 
bodiment is shown in Fig. 3. The silicon chamber as- 
sembly, indicated generally at 51 , is supported by inter- 
connect substrate 52. The material of interconnect sub- 
strate 52 may be silicon but will more likely be ceramic 
or epoxy. Contact pads 54 are shown on the bottom of 
the chamber assembly 51 , which interconnect with the 
MEMS device within the chamber. The latter intercon- 
nection may be made by any suitable arrangement, 
such as vias extending through the bottom of the cham- 
ber assembly. The interconnect substrate 52 is provided 
with a plurality of spring loaded contact pins 56 which 
bear against contact pads 54 but are not attached there- 
to. This allows the electrical connections to mechanical- 
ly float, thus preventing differential thermal expansion, 
or other mechanical stress, on interconnect substrate 
52, or on the next interconnect level, from being trans- 
lated to the chamber assembly 51 . The interconnect 
substrate 52 is provided with recess 58 into which the 
chamber assembly is inserted. A space is provided 
around the chamber assembly in the recess so that the 
chamber assembly is allowed to float on interconnect 
substrate 52, thereby eliminating strains in interconnect 
substrate 52 from imposing stresses on the chamber as- 
sembly. The space is large enough to accommodate 
strain relief but small enough to prevent movement of 
any of the contact pads 54 away its associated contact 
pin 56. The bottom of the contact pin array is electrically 
connected to a printed wiring board or other intercon- 
nect substrate. In the embodiment shown, the bottom of 
the pins 56 comprise contact pins similar to the top con- 
tact pins and bear against contact pads on the next in- 
terconnect substrate in the same way described above. 
Alternatively, the bottom of the contact pins may be af- 
fixed to contact pads and the contact pads are used to 
interconnect the MEMS assembly to a printed wiring 
board or other support/interconnect assembly next level 
by, e.g. solder bumps. The next level may be a ceramic, 
epoxy or silicon interconnection substrate. 
[0023] An important advantage of the MEMS assem- 
bly of Fig. 3 is that the silicon chamber assembly 51 is 
easily demounted and replaced. In a typical state of the 
art system, the overall system may include more than 
one MEMS device. It will also include many integrated 
circuits for several functions, e. g. drive circuits for the 
MEMS, amplifiers, digital-to-analog converters (DACS), 
etc. These multiple elements are electrically connected 
in a large, complex, interconnection system. Failure of 
any module in the system is advantageously met with 



EP1 157 967 A2 



15 



20 



25 



30 



35 



40 



45 



50 



4 



7 

rapid repair facility. Thus in the MEMS assembly shown, 
the MEMS device is demountable for rapid response re- 
pair or replacement. 

[0024] Those skilled in the art will recognize that the 
same mechanisms used in Fig. 3 for mechanical isola- 
tion of the silicon chamber assembly from the rest of the 
apparatus, and for the demountable characteristic just 
mentioned, also allows the MEMS device in the cham- 
ber assembly to be easily aligned and realigned with the 
I/O optical beams, This alignment can be automated for 
dynamic alignment. One approach is shown in Fig. 4. A 
reference grid, indicated generally at 64, is formed on a 
surface of the MEMS device 61 . The MEMS device com- 
prises an array of mirrors 62 similar to that described in 
conjunction with Fig. 1 . The reference grid comprises a 
group of photocells 71-74 arranged to detect changes 
in the position of the optica! beam that addresses the 
MEMS. A small portion of the input beam is tapped using 
a conventional splitter (not shown) and is focused onto 
the center of the photocell array between the individual 
photocells as shown. The position of the beam when 
properly aligned Is indicated by circle 76. If the position 
of the input beam relative to the mirror array strays, one 
or more of the photocells 71 -74 becomes activated. The 
voltage from the activated photocell is used to drive a 
servo motor 79 attached to either the MEMS device, or 
the chamber assembly, to reestablish proper alignment. 
In Fig. 4, when the position of the optical beam is coin- 
cident with circle 76, i.e. properly aligned, no light im- 
pinges on any of the photocells 71 -74 and the mechan- 
ical alignment means, servo motor 79, is inactive. If the 
beam strays to the position represented by circle 77, 
light is incident on photocells 72 and 73 which activates 
the servo motor to move substrate 61 until the beam is 
repositioned at circle 76. Photocells 72 and 74 control 
plus and minus movement on the x-coordinate, and pho- 
tocells 71 and 73 control plus and minus movement on 
the y-coordinate. The input optical beam can stray from 
the center position due to unwanted changes in the op- 
tics controlling the input beam, or, as addressed above, 
mechanical changes in the position of the chamber as- 
sembly, if the MEMS device is constructed on a silicon 
substrate, the photocell array can be easily integrated 
into the substrate. Alternatively, the photocell array can 
be formed on the silicon platform 32 shown in Fig. 2. 
[0025] The use of a contact pin array, as described in 
conjunction with Fig. 3, enables an alternative arrange- 
ment wherein the chamber containing the MEMS device 
can be simplified using part of the substrate (52 in Fig. 
3). Such an embodiment is shown in Fig. 5 where the 
MEMS device is shown at 81 , supported by silicon sub- 
strate 82. The substrate comprising the floating contact 
pin array is shown at 84. The silicon sidewalls of the 
chamber have been replaced by the sidewalls of sub- 
strate 84. The MEMS device is shown larger than in Fig. 
3, and is shown with solder bumps 85 instead of wire 
bonds to illustrate the option of interconnecting the 
MEMS mirror drive electrodes through the MEMS de- 
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vice support substrate using through holes, or vias, and 
solder bumps connected to the vias. The window pane 
86 is supported by substrate 84 and can be rigidly af- 
fixed thereto since it is not integral with the MEMS as- 
5 sembly as in the embodiment of Fig. 2. In this embodi- 
ment, mechanical stresses resulting from differential 
thermal expansion of the windowpane material are iso- 
lated from the MEMS device through the floating contact 
pin array. The chamber 87, containing the fragile MEMS 
10 device, can be sealed against hostile ambients. An ad- 
vantage of the arrangement shown in Fig. 5, where the 
contact pins extend only from the top surface of inter- 
connect substrate 84, is that the bottom of the openings 
through the substrate that accommodate the contact 
15 pins can be sealed with contact pads 91 , thus forming 
a hermetically sealed package for the MEMS device and 
also for the contact pins. The use of contact pin arrays 
is effective for mechanical isolation, and convenient de- 
mounting, as described above, but the reliability of un- 
attached pin/pad arrangements is often less than de- 
sired. Frequently this is due to corrosion or contamina- 
tion of the pin/pad at the contact interface. Sealing this 
interface from the environment improves long term reli- 
ability of the contacts. 

[0026] In the embodiments described above, a single 
micromechanical device array chip is shown. However, 
as will occur to those skilled in the art, substrate 82 of 
Fig. 5, for example, may contain several or many sites 
for micromechanical device array chips depending on 
the size of the assembly and the size of the various el- 
ements. 

[0027] In the embodiment represented by Fig. 1 , the 
MEMS array, here a mirror array, is formed or mounted 
on the top surface of the silicon substrate. For some de- 
vice arrays, devices that are already essentially com- 
plete may be attached to the substrate. In other embod- 
iments the device array may be formed, i.e. built, on the 
substrate. In either case, referred to generically as form- 
ing the MEMS device on the top side of the substrate, 
electrical contacts associated with the device array are 
interconnected typically by printed circuit runners to 
conductive vias on the top side of the substrate. An in- 
terconnection pattern, formed on the bottom side of the 
substrate, is interconnected to the bottom side of the 
vias. 

[0028] In the embodiments described above, the 
MEMS device is formed on just one side of the substrate 
with the other side of the substrate comprising intercon- 
nection means. However, embodiments can be envi- 
sioned wherein micromechanical elements are provided 
on both sides of the substrate. Also, two substrates with 
micromechanical arrays as described may be arranged 
in a chip-on-chip configuration. The chip-on-chip ar- 
rangement, in the case where the micromechanical ar- 
ray is optically active, i.e. has an optical input/output, 
should be configured to allow optical access to the op- 
tical device array. 

[0029] The term silicon when used herein to describe 
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the material of an element of the MEMS assembly Is In- 
tended to Include single crystal silicon, polycrystal sili- 
con (polysillcon) or amorphous silicon. 



Claims 

1. A micro-electronic machined mechanical (MEMS) 
assembly comprising a silicon chamber having a sil- 
icon base and silicon sidewalls, and a MEMS device 
mounted on the silicon base within the silicon cham- 
ber. 

2. The assembly of claim 1 further including a cham- 
ber top comprising a transparent window. 

3. The assembly of claim 2 wherein the silicon base, 
silicon sidewalls, and chamber top form a hermeti- 
cally sealed container. 

4. A micro-electronic machined mechanical (MEMS) 
assembly comprising: 

(a) an interconnect substrate with a top and bot- 
tom surface, an array of contact pins extending 
from the top surface of the interconnect sub- 
strate, 

(b) a chamber assembly mounted on the inter- 
connect substrate, the chamber assembly 
comprising: 

(i) a silicon substrate with a top and bottom 
surface, 

(ii) silicon sidewalls attached to the top sur- 
face of the silicon substrate, the silicon 
sidewalls combining with the silicon sub- 
strate to form a silicon chamber, 

(iii) a MEMS device mounted on the top 
surface of the silicon substrate within the 
silicon chamber, and 

(iv) a plurality of electrical contact pads on 
the bottom surface of the silicon substrate, 
each of the electrical contact pads aligned 
with and contacting a contact pin extending 
from the top surface of the interconnect 
substrate. 

5. The assembly of claim 4 further including a cham- 
ber top for the chamber assembly, the chamber top 
comprising a transparent window. 

6. The assembly of claim 5 wherein the silicon sub- 
strate, silicon sidewalls, and chamber top form a 
hermetically sealed chamber. 

7. The assembly of claim 4 further including a photo- 
diode array on the MEMS assembly and mechani- 
cal means for moving the MEMS assembly in re- 
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sponse to signals from the photodiode array. 

A micro-electronic machined mechanical (MEMS) 
assembly comprising: 

(a) an interconnect substrate with a top and bot- 
tom surface, an array of contact pins extending 
from the top surface of the interconnect sub- 
strate, 

(b) a silicon substrate mounted on the intercon- 
nect substrate, the silicon substrate having a 
top surface and a bottom surface, 

(c) a MEMS device mounted on the top surface 
of the silicon substrate, 

(d) a plurality of electrical contact pads on the 
bottom surface of the silicon substrate, each of 
the electrical contact pads aligned with and 
contacting a contact pin extending from the top 
surface of the interconnect substrate. 

The assembly of claim 8 wherein the interconnect 
substrate has a recess formed in the central region 
thereof, and the silicon substrate and the MEMS de- 
vice are contained within the recess. 

. The assembly of claim 9 further including a top cov- 
ering the recess and wherein the top comprises a 
transparent window. 



11. The assembly of claim 10 wherein the interconnec- 
tion substrate and the top covering the recess in the 
interconnection substrate form a hermetically 
sealed chamber. 

12. The assembly of claim 8 further including a photo- 
diode array on the MEMS assembly and mechani- 
cal means for moving the MEMS assembly in re- 
sponse to signals from the photodiode array. 

13. The assembly of claim B wherein the array of con- 
tact pins extending from the top surface of the in- 
terconnect substrate also extends from the bottom 
surface of the interconnect substrate. 
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The assembly of claim 1 3 further including a system 
interconnect substrate having an array of contact 
pads on the surface thereof, with the interconnect 
substrate supported by the system interconnect 
substrate and with the array of contact pins contact- 
ing the contact pads of the system interconnect sub- 
strate. 
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